The calcium-activated chloride channel Ano1 (TMEM16A) is overexpressed in many tumors. Although Ano1 overexpression is found in breast cancer due to 11q13 amplification, it remains unclear whether signaling pathways are involved in Ano1 overexpression during breast cancer tumorigenesis in vivo. Estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) have been known to contribute to breast cancer progression. It is unclear whether Ano1 is associated with clinical outcomes in breast cancer patients with different ER, PR and HER2 status. In the present study, we investigated the Ano1 expression in 431 patients with invasive ductal breast carcinoma and 46 patients with fibroadenoma, using immunohistochemistry, and analyzed the association between Ano1 expression and clinical characteristics and outcomes of breast cancer patients with different ER, PR, and HER2 status. Ano1 was overexpressed in breast cancer compared with fibroadenoma. Ano1 was significantly more associated with breast cancer with the lower clinical stage (stage I or II), or triple-negative status. Mostly importantly, Ano1 overexpression was associated with good prognosis in patients with the PR-positive or HER2-negative status, and in patients following tamoxifen treatment. Multivariate Cox regression analysis showed that Ano1 overexpression was a prognostic factor for longer overall survival in PR-positive or HER2-negative patients, and a predictive factor for longer overall survival in patients following tamoxifen treatment. Our findings suggest that Ano1 may be a potential marker for good prognosis in PR-positive or HER2-negative patients following tamoxifen treatment. The PR and HER2 status defines a subtype of breast cancer in which Ano1 overexpression is associated with good prognosis following tamoxifen treatment.
Introduction
Anoctamin 1 (Ano1, TMEM16A) is one of 10 members in the Ano family that are involved in a variety of functions including ion transport and phospholipid scrambling [1] . Ano1 and Ano2 are generally believed to be calcium-activated chloride channels (CaCCs), though it remains unclear whether other Ano family members are anion channels [1, 2, 3, 4] . Ano1 is known to be regulated by Ca 2+ and calmodulin [5, 6, 7, 8, 9] , and plays important physiological functions including epithelial secretion, neuronal and cardiac excitation, smooth muscle contraction, olfactory and sensory transduction, and pain [1, 3, 4, 10] . Recently, attention has been focused on the role of Ano1 in cancers [11, 12, 13, 14, 15] . Before it was identified as a CaCC in 2008 [6, 16, 17] , Ano1 (also known as ORAOV2, DOG1, TAOS2, and FLJ10261) is found to be overexpressed in many cancers such as esophageal squamous cell cancer, gastrointestinal stromal tumor, and head and neck squamous cell carcinoma [18, 19, 20, 21] . Recently, several studies have found overexpression of Ano1 in other tumors including breast cancer [15, 22] , prostate cancer [13] , and chondroblastoma [23] . Ano1 overexpression has been found to be due to amplification of the corresponding chromosomal region in 11q13 [11, 15, 24, 25] , and correlates with poor prognosis in patients with breast cancer and head and neck squamous cell carcinoma [15, 25] .
It remains largely unclear how Ano1 overexpression contributes to tumor malignancy. There are conflicting results regarding the role of Ano1 in cell proliferation in different cells. For example, several studies have shown that Ano1 overexpression promotes cell proliferation in many tumors including head and neck squamous cell carcinoma, breast cancer, and prostate cancer [12, 13, 15, 24] . However, the proliferation-promoting effect of Ano1 is not observed in HEK-293 cells overexpressing various Ano1 isoforms that are identified in breast cancer cells [22] . In addition, Ano1 overexpression has been found to inhibit angiotensin II-induced proliferation in basilar smooth muscle cells [26] . Furthermore, Ano1 has been found to regulate different signaling pathways in different cancer cells. For example, in breast cancer cell lines, Ano1 promotes breast cancer progression by activating the epidermal growth factor receptor (EGFR) and calmodulin-dependent protein kinase (CAMK) signaling pathways [15] . In head and neck squamous cell carcinoma, Ano1 activates the ERK1/2 and increases the levels of cyclin D1 [12] .
Recently, Britschgi et al. have found that the Ano1 gene is amplified in breast cancer, and amplification of the Ano1gene is associated with poor prognosis of breast cancer patients [15] . It is unknown whether signaling pathways or transcription factors are involved in Ano1 overexpression in breast cancer tumorigenesis in vivo. It is well known that estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) contribute to breast cancer progression, and ER-and PR-positive breast cancer patients usually receive endocrine treatment [27] . To date, it remains unclear whether Ano1 is associated with the ER, PR, and HER2 status and clinical outcomes in breast cancer patients receiving endocrine treatment. In this study, we investigated the expression of Ano1 in 431 breast cancer patients with invasive ductal carcinoma (IDC). We found that Ano1 overexpression was associated with good prognosis in PR-positive, or HER2-negative patients following tamoxifen treatment. Our study suggests that Ano1 may be a potential marker for good prognosis in breast cancer patients with the PR-positive, or HER2-negative status.
Materials and Methods

Ethics statement
The Medical Ethics Committee of China Medical University approved this study. Due to the retrospective nature of the study, the Ethics Committee waived the need of written informed consent by the patients. All the samples were anonymous.
Patients and tissue samples
Human breast tissue samples were obtained from 431 female patients with IDC and 46 female patients with fibroadenoma, who underwent surgery at the Department of Surgical Oncology and the Department of General Surgery, the First Hospital of China Medical University between January 2008 and December 2009. The average age of the patients with breast cancer was 51 years (range, 20-82 years). The inclusion criteria for breast cancer patients were: 1) IDC; 2) availability of complete clinical data and follow-up status; 3) breast cancer samples were collected for analysis; 4) no previous diagnosis and treatment of breast cancer; and 5) patients who underwent postoperative chemotherapy and/or endocrine therapy. The exclusion criteria were: 1) incomplete clinical data; 2) ER, PR, and HER2 status were not tested, not recorded, or unknown; 3) patients who underwent radiation therapy only without chemotherapy or endocrine therapy; 4) patients who underwent adjuvant trastuzumab treatment; and 5) severe cardiovascular, pulmonary, renal, hepatic, and gastrointestinal diseases. The stage of the cancer (n = 431) was evaluated according to the TNM staging system as follows: stage I (n = 89), stage II (n = 217), and stage IIIA-IIIC (n = 125). The samples were dichotomized into stage I~II (n = 306) and stage IIIA-IIIC (n = 125). The histological grading of the cancer was performed according to the World Health Organization grading system as follows: Grade 1 (n = 90), Grade 2 (n = 397), and Grade 3 (n = 43). Clinicopathological data including patient age, menopausal status, family history of breast cancer, tumor size, lymph node metastasis, ER, PR, and HER2 status, and chemotherapeutic regimes were retrospectively retrieved from medical records. Forty-six breast fibroadenoma samples were used as controls. The average age of the patients with fibroadenoma was 51 years (range, 35-72 years). The diagnosis of breast cancer and fibroadenoma was confirmed by pathological staining. All patients did not undergo radiation therapy, chemotherapy, and hormonal therapy before surgery.
Breast cancer subtype definition ER, PR, and HER2 status were classified as positive and negative based on the immunohistochemistry (IHC) results in the medical records. ER-positive and PR-positive status were defined by >1% nuclear staining [28] . HER2 status was recorded on the basis of IHC score as follows: 0, 1+ for negative, 2+ for borderline, and 3+ for positive. We defined HER2-negative and HER2-postive status by 0-1+ staining and 2+-3+ staining, respectively.
Tissue microarray (TMA) and Immunohistochemistry
Paraffin blocks (donor blocks) containing representative breast cancer samples or fibroadenoma samples were selected by reviewing all of the hematoxylin and eosin-stained slides. Tissue cores with a diameter of 1.5 mm were extracted from each donor block, and precisely arrayed into a new paraffin recipient block with a maximum of 200 cores, using the Organization Microarrayer (Pathology Devices, USA). Sections (4 μm thick) were obtained from formalin-fixed and paraffin-embedded TMA blocks, mounted on poly-L-lysine-coated glass slides, and used for immunohistochemistry.
Sections were deparaffinized with xylene, rehydrated in a graded alcohol series, and washed in distilled water. Sections were then heated in 10 mM sodium citrate buffer (pH 6.0) for 10 min in a microwave oven to retrieve antigen. Endogenous peroxidase activity was blocked by 3% H 2 O 2 at 37°C for 20 min. Sections were incubated in 10% normal goat serum at 37°C for 30 min to block nonspecific protein binding sites. Sections were then incubated with primary antibodies against Ano1 (Abcam Biotechnology, USA) overnight at 4°C, followed by incubation with biotinylated secondary antibodies for 30 min at 37°C. The slides were then incubated with streptavidin horse-radish peroxidase for additional 30 min (LSAB kit; Dako, Glostrup, Denmark), washed in PBS, and stained with DAB (3, 3-diaminobenzidine). Sections were counterstained with hematoxylin, dehydrated, and mounted. Sections in which primary antibodies were replaced with normal rabbit IgG were used as negative control.
Evaluation of immunohistochemistry
The immunostaining was examined under a light microscope by two pathologists blinded to the experimental conditions. The intensity of immunoreactivity was scored as follows: 0 for no staining, 1 for weak staining, 2 for moderate staining, and 3 for strong staining. The proportion of tumor cells was calculated as the percentage of Ano1-immunopositive cells over the total tumor cells. Five sections were selected from each sample. For each section, five fields were randomly selected. Scores was assigned by using 5% increments (0%, 5%, 10%, . . ..100%) as previously reported [29, 30] . The average score for each sample was used to assess cutoff scores for Ano1 overexpression, using receiver operating characteristic (ROC) curves. To generate ROC curves, the sensitivity and specificity for each outcome under study was plotted.
Statistical analysis
Analyses were performed using SPSS 16.0 (Chicago, IL, USA). Categorical data were compared with Pearson chi squared tests or Fisher's exact probability tests. Recurrence-free survival (RFS) was calculated as the time between the first day of diagnosis and the occurrence of local recurrence or distant metastasis. Overall survival (OS) was calculated as the time between the first day of diagnosis and the disease-related death. Survival probabilities were estimated by the Kaplan-Meier method and assessed by a log-rank test. The multivariate Cox proportional hazards regression model was used for assessing the association between potential confounding variables and prognosis (OS or RFS). Probability values 0.05 were considered statistically significant.
Results
Ano1 overexpression in breast cancer
We studied the expression of Ano1 on 431 samples from patients with breast cancer and 46 samples from patients with fibroadenoma, using immunohistochemistry (Fig 1) . Ano1 immunoreactivity was observed in 395 (91.6%) of 431 breast cancer samples. In contrast, Ano1 was found in 6 (13.0%) of 46 fibroadenoma samples. Ano1 immunoreactivity occurred significantly more frequently in breast cancer samples than in fibroadenoma samples (p<0.001). Table 1 summarizes clinicopathological characteristics of 395 breast cancer patients with Ano1 expression. The median age of these patients was 51 years (range, 20-82 years). The majority of these patients had a tumor with <5 cm in size, histological grade 2, and Stage I or II. Of the 395 patients, 268 (67.8%), 266 (67.3%), and 228 (57.5%) patients were ER-, PR-, and HER2-positive, respectively. Triple negative breast cancer (TNBC) patients were only recorded in 31 (7.8%) of 395 patients. 348 patients received anthracycline-based chemotherapy alone or in combination with paclitaxel. 305 patients were ER-and/or PR-positive, and all of them received tamoxifen treatment.
Clinicopathological characteristics of breast cancer patients with Ano1 expression
Selection of the cutoff value for Ano1expression
We performed the ROC analysis to determine an optimal cutoff score for Ano1expression. Fig  2 shows the ROC curves for each clinicopathological feature. ROC curves showed that the expression level of Ano1 was discriminated by the PR (p = 0.017), TNBC (p = 0.043) and tamoxifen treatment (p = 0.012). The AUC for the TNBC status had the biggest area ( Fig 2F) . Based on this outcome, a cutoff score of 65% were selected for Ano1 expression. Tumors with IHC scores >65% and 65% were defined as tumors with 'high" and "low" expression of Ano1, respectively. 170 (43%) tumors exhibited the low expression of Ano1, and 225 (57%) tumors showed the high expression of Ano1.
Association of Ano1 expression with clinicopathological characteristics of breast cancer
We then investigated the association between the Ano1 expression and clinicopathological characteristics of breast cancer ( Table 2 ). The expression levels of Ano1 were not significantly associated with the patient's age, menopausal status, family history, tumor size, histological grade, and lymph node metastasis ( associated with the high expression of Ano1 (p = 0.045, Table 2 ). Furthermore, the high expression of Ano1 was more associated with grade 1 and 2 tumors with the ER-positive status(S1 Table) , or stage I or II tumors with the HER2-negative status (S2 Table) , but not in PR-positive (S3 Table) or PR-negative patients (S4 Table) , and HER2 positive patients (S5 Table) . The expression of Ano1 was significantly decreased in patients with triple-negative breast cancer (TNBC) (p = 0.033). PR-positive tumors exhibited a tendency toward higher Ano1 expression (p = 0.066). Ano1 expression was not significantly associated with the ER (Table 2) . Although Ano1 expression was not significantly different between HER2-positive and HER2--negative breast cancer, Ano1 expression was significantly higher in breast cancer with HER2 IHC staining of 3+ compared with breast cancer with HER2 IHC staining of 0-1+ (S6 Table) . Furthermore, we examined Ano1 expression in breast cancer patients with different ER, PR, and HER2 status (Table 3 ). In ER-negative patients, Ano1 expression was significantly higher in PR-positive tumors than in PR-negative tumors (p = 0.022, Table 3 ).
Association of the expression of Ano1 with the survival of breast cancer patients
We evaluated the association of Ano1 expression levels with the OS and DFS in breast cancer patients, using Kaplan-Meier analysis. The high expression of Ano1 was associated with a tendency toward longer OS in breast cancer patients (n = 395, p = 0.086, Fig 3A and 3B) . We further investigated the association of Ano1 expression with the OS and DFS in subgroups of breast cancer patients, categorized according to the ER, PR, and HER2 status. The high expression of Ano1 was associated with longer OS in patients with PR-positive (p = 0.025) or HER2--negative (p = 0.017) breast cancer (Fig 3C-3H) .
We then investigated the association between Ano1 expression levels and therapeutic responses in breast cancer patients receiving chemotherapy and endocrine therapy. Ano1 expression levels were not significantly associated with OS and RFS in breast cancer patients with chemotherapy (Fig 4A and 4B) . The high expression of Ano1 was significantly associated with longer OS in patients receiving tamoxifen treatment (p = 0.041, Fig 4C and 4D) . Although the high expression of Ano1 exhibited a tendency toward longer OS in ER-positive patients receiving tamoxifen treatment, no statistically significant difference was found (p = 0.068, Fig  5A) . The high expression of Ano1 was significantly associated with longer OS in patients with PR-positive (p = 0.026), or HER2-negative (p = 0.010), but not HER2-postive (p = 0.478), breast cancer (Fig 5B-5F ). Multivariate Cox regression analysis was performed to evaluate the impact of Ano1 expression on the RFS and OS in breast cancer patients (Table 4) . Ano1 overexpression was a prognostic factor for longer OS in PR-positive or HER2-negative patients, and a predictive factor for longer OS in patients following tamoxifen treatment. In addition, we also found that tumor size, clinical stage, and lymph node metastasis were prognostic factors for OS, and clinical stage was a prognostic factor for RFS in breast cancer patients.
Discussion
Ano1 is overexpressed in many tumors, including breast cancer [15, 22] . Consistent with these studies, we found that Ano1 was overexpressed in breast cancer compared with fibroadenoma. Ano1 was expressed in 91.6% of 432 breast cancer samples in our study, and in 78% of 49 breast cancer samples in a previous study by Britschgi et al. [15] . In contrast, we only detected Ano1 expression in 13.0% of 46 fibroadenoma samples. It has been reported that Ano1 is expressed in 2 (28.6%) of 7 cancer-adjacent normal breast tissues [13] . The findings that Ano1 is overexpressed in breast cancer compared with benign fibroadenoma and tumor-adjacent normal breast tissues suggest that Ano1 overexpression may contribute to malignant transformation of mammary epithelial cells into breast cancer. However, the reason for Ano1 overexpression in tumors remains unclear. Ano1 overexpression was found in many cancers with 11q13 amplification, including breast cancer [15] . However, Ano1 overexpression has also been found in many tumors without application of the 11q13 locus [25] . In addition, the 11q13 amplification only occurs in approximately 15%-20% of human breast cancer [31] . Therefore, the 11q13 amplification is not the only means to cause Ano1 overexpression, and signaling pathways or transcription factors may contribute to Ano1 overexpression during the tumorigenesis. ER and PR are the nuclear steroid receptors that regulate the transcriptional expression of many genes during breast cancer development [32] . In the present study, we identified that the expression of Ano1 was higher in PR-positive tumors compared with PR-negative tumors, especially in the ER-negative patients, suggesting that the ER and PR signaling pathways may be involved in Ano1 overexpression in breast cancer.
Although Ano1 is overexpressed in breast cancer, it remains unclear whether Ano1 overexpression promotes tumor development in breast cancer patients. In the present study, we found that Ano1 expression levels were not correlated with tumor size, histological grade, and lymph node metastasis in all breast cancer patients as well as those with different ER, PR, and HER2 status. Unexpectedly, we found that the high expression of Ano1 was more associated with less aggressive (stage I or II) HER2-negative tumors, or less differentiating (grade 1 or 2) ER-positive tumors (S1-S5 Tables). These results suggests that the high expression level of Ano1 predicates less aggressive behavior of ER-positive or HER-negative breast cancer. Since Ano1 overexpression did not correlate with clinical stage and histological grade in ER-negative, PR-positive, PR-negative, and HER2-postive tumors, cell-type specific mechanisms may be responsible for different roles of Ano1 in breast cancer cells with different ER, PR, and HER2 status. Cell-specific mechanisms may explain conflicting results in the literature regarding the role of Ano1 overexpression in cell proliferation and migration. For example, several in vitro studies have shown that Ano1 overexpression promotes cell proliferation and migration in head and neck squamous cell carcinoma, breast cancer, and prostate cancer [12, 13, 15, 24] . However, Ubby et al. reported that breast cancer expressed various Ano1 isoforms, and overexpression of these Ano1 isoforms in HEK-293 cells did not promote cell proliferation and migration [22] . Furthermore, Ano1 inhibits angiotensin II-induced proliferation in basilar smooth muscle cells [26] . Since Ano1 is involved in a complex regulatory networks including the signaling/scaffolding proteins ezrin, radixin, and moesin, GTPases, Ca 2+ -binding proteins, kinases, and lipid-interacting proteins [33] , it is not unexpected that Ano1 plays different roles in in different types of cells. Tamoxifen is a "selective estrogen receptor modulator" that is widely used in endocrine therapy for breast cancer [34] . However, we found that although Ano1 overexpression exhibited a tendency toward a longer OS in ER-positive patients who received tamoxifen, no significant association was found between Ano1 overexpression and OS (p = 0.068, Fig 5A) , suggesting that the primary effect of tamoxifen on Ano1 may not due to its inhibition on ER. Interestingly, tamoxifen has been found to inhibit chloride channels [35, 36] , including Ano1 [6] , and inhibition of Ano1 currents reduces breast cancer cell survival [15] . In the present study, we found that Ano1 was higher in PR-positive breast cancer than in PR-negative breast cancer, and Ano1 overexpression was associated with good prognosis of PR-positive breast cancer patients following tamoxifen treatment. It is possible that inhibition of Ano1 channels by tamoxifen may contribute to the beneficial effect of tamoxifen treatment in PR-positive breast cancer patients. Furthermore, it has been reported that ER-negative but PR-positive patients gain substantial benefit from tamoxifen therapy [37] , further suggesting that tamoxifen may exert beneficial effects via the PR signaling pathway independently on the ER. Our study suggests that Ano1 overexpression may be responsible for the beneficial effect of Ano1 in PRpositive patients, and may be a biomarker for good prognosis of PR-positive patients receiving tamoxifen. In the present study, we found that overexpression of Ano1 proteins was associated with good prognosis in breast cancer patients following tamoxifen treatment, especially those with PR-positive or HER2-negative status. Since both Ano1 and ER can be inhibited by tamoxifen, the finding that Ano1 that has tumor-promoting properties is associated with good prognosis in breast cancer patients receiving tamoxifen resembles the fact that ER that promotes breast cancer growth is associated with good prognosis in patients following tamoxifen treatment [38] . However, the expression level of the Ano1 gene has been found to be associated with poor prognosis in breast cancer patients [15] . These seemly controversial results between the two studies may be due to different tamoxifen treatment conditions. Britschgi et al. found that patients with the low expression of the Ano1 gene mainly exhibited longer OS at the survival time >5 years [15] , when breast cancer patients usually stop tamoxifen treatment [39] . It is possible that withdrawal of tamoxifen treatment may promote breast cancer development in patients with the genetic background of the high expression of Ano1 in the study by Britschgi et al. [15] . Tumors with the high expression of Ano1 are more likely to be inhibited by tamoxifen, and thus may lead to good prognosis of the patients with the high expression of Ano1 in our study.
A prognostic factor refers to a measurable variable that is associated with clinical outcomes in the absence of therapy, and correlated with the nature history of the disease. Thus, the finding that Ano1 overexpression was associated with poor prognosis in breast cancer patients with 11q13 amplification in the study by Britschgi et al. [15] suggests that Ano1 overexpression is a prognostic factor for this specific population of breast cancer. In contrast, a predictive factor is the one that is associated with clinical responses to a given therapy. Our finding that Ano1 overexpression was associated with good prognosis in PR-positive or HER2-negative breast cancer patients following tamoxifen treatment suggests that Ano1 overexpression is a predictive factor for tamoxifen benefit in these subgroups of breast cancer patients. Therefore, Ano1 expression levels have both prognostic and predictive values for breast cancer patients.
We also found that Ano1 expression did not correlate with the HER2 status (Table 2) , suggesting that HER2 signaling was not likely to contribute to Ano1 overexpression. In addition, we found that Ano1 overexpression was associated with longer OS in HER2-negative, but not HER2-postive, patients following tamoxifen treatment, suggesting that HER2 signaling may be involved in the role of Ano1 in breast cancer development. Ano1 has been found to activate the EGFR signaling pathway, and promotes breast cancer tumorigenesis [15] . EGFR is commonly associated with overexpression of HER2, a member of the EGFR family [40] . In HER2-postive breast cancer, it is possible that excessive activation of HER2 predominately controls the signaling pathway, thus masking the activation of EGFR signaling by Ano1. In HER2-negative breast cancer, EGFR signaling activation by Ano1 may contribute to breast cancer tumorigenesis, and thus Ano1 inhibition by tamoxifen may result in good prognosis in HER2-negative patients receiving tamoxifen treatment. Furthermore, the multivariate Cox analysis showed that Ano1 overexpression was significantly associated with longer OS in HER2-negative patients, further suggesting that Ano1 has a prognostic value in HER2-negative patients.
Although the best method to assess HER2 status remains controversial, it is generally accepted that breast cancer patients with HER2 overexpression by IHC (3+) and gene amplification ratio of >2 by fluorescent in situ hybridization (FISH) were considered for adjuvant trastuzumab treatment [41] . Currently, the treatment rate with trastuzumab for HER2-positive breast cancer in China is low (approximately 30%) due to high treatment costs and insufficient insurance coverage [42] . To exclude the effect of trastuzumab on the survival of breast cancer patients, we excluded a few patients who received adjuvant trastuzumab treatment (n = 35). Since this study did not include patients with trastuzumab treatment and we aimed to study the association between Ano1 expression and HER2 expression, we defined HER2-postive status by 2+ or 3+ staining, instead of 3+ staining for anti-HER2 therapy. This definition led to a high HER2-postive rate (57.7%) in the present study, which is higher than the rate (approximately 15-20%) reported in the literature determined by IHC staining of 3+ [43] . Although our study is strengthened by a relatively large sample size, it also has some limitations. Although we found that the expression of Ano1 in PR-positive tumors was higher than in PR-negative tumors, especially in the ER-negative tumors, it remains to be determined whether Ano1 expression is regulated by the ER/PR signaling pathways. Recently, Matsuba et al. reported that inhibition of histone deacetylase (HDAC) downregulated the expression of Ano1 in breast cancer cells [44] . It has been reported that inhibition of HDAC silences PR-mediated signaling [45] . Further studies are required to identify whether PR signaling is involved in HDAC-mediated regulation of Ano1 expression. In addition, although the 11q13 amplification contributes to Ano1 overexpression in human breast cancer [15] , it is unlikely the major contributor to Ano1 overexpression in PR-positive tumors, because the 11q13 amplification only occurs in approximately 15% of human breast cancer [34] . However, we can not exclude the possibility that 11q13 amplification plays a role in Ano1 overexpression in PR-positive tumors, since 11q13 has been identified as a susceptibility locus for ER-and PR-positive breast cancer [46] . Our finding can be strengthened by investigating the 11q13 status in the PR-positive cohort vs PR-negative cohort.
In summary, although many in vitro studies have demonstrated that Ano1 promotes tumorigenesis [12, 13, 15, 24] , the role of Ano1 in tumorigenesis remains unclear and conflicting results exist in the literature regarding the role of Ano1 in proliferation and migration of different cells. Regulation of tumorigenesis by Ano1 may be associated with a cell-type specific mechanism in which Ano1 expression and function may depend on additional factors. This cell-type specificity might determine different responses of cells to overexpression or knockdown of Ano1 [12, 15, 22, 26] , and thus may contribute to different therapeutic responses to inhibition or activation of Ano1. In the present study, we found that the high expression of Ano1 was associated with good prognosis in PR-positive or HER2-negative breast cancer patients following tamoxifen treatment. Our findings suggest the PR and HER2 status can define a subtype of breast cancer in which Ano1 overexpression is associated with good prognosis in patients receiving tamoxifen treatment.
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